Abstract. A vital tooth-derived demineralized dentin matrix (DDM) is defined as acid-insoluble, cross-linked collagen with growth factors. The objective of this study is to evaluate the feasibility of the perforated-DDM for bone regeneration. Thirty perforations were added to the human vital wisdom tooth after the removal of enamel portion. The modified tooth was partially demineralized in 0.34 N HNO 3 for 30 min and grafted into the critical defect of sheep iliac to evaluate bone regeneration. Sheep were sacrificed for µ-CT and histological evaluation at 2 and 4 months after the graft. New bone was connected directly with the grafted DDM at 2 months. The volume of new bone was comparable with the µ-CT, 3D, and the histological findings at 2 and 4 months. The amount of new bone tissue in the critical defects at 4 months was higher than that at 2 months. The results revealed that the human tooth-derived block material with artificial porous structure, the perforated-DDM, successfully contributed to bone ingrowth as the unique scaffold. This novel human tooth-derived scaffold may be a promising biomaterial to induce bone regeneration in the tri-cortical critical-sized bone defects.
INTRODUCTION
A bone-inducing property of rabbit demineralized bone matrix (DBM) was discovered in the intramuscular pockets at 4 weeks after graft 1 . A similar property of rabbit and rat demineralized dentin matrix (DDM) was reported in 1967 2, 3 . Human tooth-derived DDM particles also induced bone and cartilage independently at 4 weeks in subcutaneous tissues of nude mice 4 . Dentin and bone are mineralized tissues and almost similar in chemical composition 5 . Both DDM and DBM are composed of predominantly type I collagen (95%) and the remaining are non-collagenous proteins including growth factors 6 . In addition, bone-inducing molecules such as bone morphogenetic proteins (BMPs) derived from the human dentin induced new bone formation in vivo 7 . Since the discovery of the osteoinductive capability of DDM in 1967 2 , particle type DDM has attracted much attention as a therapeutic technology to induce bone regeneration. A block type-grafting material apart from particles was thought to be suitable due to a high stability and easy handling in large critical bone defects. Therefore, the present study prepared a novel natural scaffold that was a block type of DDM with a geometrical tunnel structure, so called a perforated-DDM block for bone regeneration. The aim of this study is to assess the efficacy for bone regeneration by the grafting of the perforated-DDM block in a tri-cortical critical defect of sheep iliac bone.
MATERIALS AND METHODS

PREPARATION OF PERFORATED-DDM
The perforated-DDMs were prepared from human vital non-functional wisdom teeth. After soft tissues dissection and vigorous washing with distilled water (D.W), the extracted teeth were fixed in tooth-fixing device (Mr. Fix, Tokyo Iken Co., Tokyo, Japan), and the pulp tissues were removed with reamer and file. Thirty pores (1.0 mm in diameter) were added to the body of the material as uniformly distributed to the modified tooth after the removal of enamel portion. Ultrasonic demineralization in 0.34 N HNO 3 solutions at 100 W and 60 kHz for 30 minutes was carried out to prepare perforated-DDM [ Fig.1 
FIGURE 1. Perforated-DDM FIGURE 2. µ-CT and 3D images of perforated-DDM
RESULTS AND DISCUSSION
At 2 months, µ-CT and 3D images showed newly formed bone between edge of the material and the original bone [ Fig.2(a,b) ]. Higher bone ingrowth into the defect including the perforated-DDM was observed at 4 months than 2 months [ Fig.2] . Histologically, new bone was connected directly with the grafted DDM at 2 months [ Fig.3(a) ]. New bone ingrowth was found almost all parts of the perforated-DDM. Induced bone bridging was observed in the interior of the material with osteoblasts and multinucleated giant cells [ Fig.3(b) ]. New bone induced by the perforated-DDM was observed inside the porosity [ Fig.3(d) ]. The volume of the DDM decreased sequentially from 2 to 4 months with increasing new bone volume simultaneously. Highly porous biomaterials showed a higher affinity for deep cell penetration necessary for bone formation 8 . In this study, active bone ingrowth was found inside the porous spaces confirmed by µ-CT and histologically. New bone with marrow showed an interconnected network structure at 2 and 4 months. New bone formation with the perforated-DDM occurred by the combination of both osteoconduction and osteoinduction. The radiological and histological findings proved that the perforated-DDM had the ability to induce and conduct new bone and could be recycled as natural scaffold for bone regeneration.
